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Abstract—This paper deals with the use of the wave-radar 
for sea-state monitoring. The radar used here is popular as 
marine  radar.  SEA  STATE  monitoring  by  X-band  Mare 
Radar system is becoming increasingly interesting, also due 
to  its  spatial  resolution,  which  is  much  higher  than  the 
resolution  of  the  relatively  more  common  high-frequency 
(HF) coastal radars. In addition, compared to HF radar, X-
band radar systems offer an improved operational flexibility; 
due  to  their  small  dimension,  low  weight,  and  easy 
installation, it is possible to install them even on a movable 
platform  and from there to scan the sea surface  with high 
temporal  and  spatial  resolutions.  The  technique  of  high 
resolution  two  dimensional  radar  imaging  is  called  as 
synthetic aperture Radar(SAR). SAR is implemented here to 
retrieve the high resolution wind and wave fields from image 
sequence.  From  the  technological  standpoint,  the  main 
interest lies in the adoption of a system installed on a movable 
platform;  this  feature  is  important  since  it  offers  a  good 
flexibility  in  the  choice  of  the  spatial  and  temporal 
observation modalities. Operational analysis errors tend to be 
reduced slightly by our use of SAR observations in surface 
wind retrieval. 
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I.  INTRODUCTION 
The operating principle of the  X-band radar  is based 
upon backscattering of electromagnetic signals by the sea 
surface roughness due to the effect of the Bragg resonance  
as in [2].This represent the “useful signal” to be processed 
when  the  aim  is  to  achieve  a  spatial–temporal 
characterization of the sea state. 
Wind and waves are typically measured at single points 
with  one-dimensional  (1-D)  or  two-dimensional  (2-D)  in 
situ sensors, e.g., anemometers and wind vanes for wind 
measurements,  and  wave  laser  sensors  for  wave 
measurements.  These  sensors  typically  provide  a  time 
series with a high temporal resolution of wind vectors and 
ocean-surface elevation at a certain location.  
The SAR exhibits granular speckle which is known as 
“Salt-and-pepper  “noise,  typical  of  coherent  imaging 
system but absent in non coherent optical image. The radar 
does not collect data over just a single synthetic aperture 
length  sufficient  to  obtain  desired  narrow  beam-width, 
Instead  it  operates  continuously  in  flight,  producing  an 
ongoing sequence of fast time data vectors from different 
positions along the flight path. 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.   Marine Radar 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.   Operating principle of SAR 
The radar backscatter from the ocean surface is mainly 
caused by the small-scale roughness of the sea surface in 
the order of the electromagnetic wavelength of the emitting 
radar (3cm). which is mostly generated by the local surface 
wind as explained in [11]. On an operational basis, marine 
radar-image sequences are used to determine spectral and International Journal of Electronics Communication and Computer Technology (IJECCT) 
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integral  ocean-wave  parameters,  e.g.,  peak  period,  wave 
direction,  and  significant  wave  height,  as  well  as  mean 
near-surface currents. 
In  this  paper,  two  marine  radar-based  remote-sensing 
techniques  are  described  and  verified,  which  enable  the 
measurement of ocean-surface winds and waves as in [7] in 
the spatial and temporal domain. 
II.  DATA COLLECTION 
Collocations  of  ship/buoy,  model,  and  SAR  data  are 
assembled  using  400  acquisitions  from  May-December 
2004.Grid resolutions are 1, 4, and 10 km.  
The ship and buoy observations are a reference dataset. 
Model  winds  are  from  the  GEM  15-km  operational 
analyses.  SAR  data  is  masked  along  beam  seams,  over 
land, sea ice, and where winds are less than (greater than) 3 
m/s  (33  m/s).Observations  within  90  minutes  of  an 
acquisition are employed. These are adjusted to the 10-m 
level and are considered valid up to 50 km away.7000 triple 
collocations are obtained. 
 
 
 
 
 
 
 
 
 
 
Figure 3.   Comparison of optical (top) and Radar(bottom) images  
The  radar  antenna  covers  an  area  within  a  radius  of 
2000  m  at  a  resolution  of  12  m  in  range  (antenna  look 
direction). The antenna rotation period is 2.6 s. The radar 
system is mounted aboard the platform 2/4k, located at 56.5 
N and 3.2 E in the central North Sea within the Norwegian 
oil  field  Ekofisk  (Fig.  1).  The  radar  was  mounted  at  a 
height of 74 m facing north west, which enables the radar 
to image as in [1] the ocean surface between 155 (SSE) and 
25  (NNE).  The  water  depth  in  the  imaged  area  is  fairly 
homogeneous  with  a  depth  of  about  70  m.  A  standard 
radar-image sequence consists of 32 images, representing a 
time span of 82 s. Fig. 3 shows a typical radar-data set with 
a  wave  field  propagating  in  the  northerly  direction.  The 
shadows originate from the equipment of the measurement 
platform  and  the big  scatter in  the  South  from  the  main 
field.  The  investigated  radar-image  sequences  as  in  [1] 
cover  a  time  period  of  8  months  between  February  and 
September  2001.  They  represent  more  than  3200 
acquisition times with wind speeds of up to 17 m s and 
significant wave heights of up to 6 m. 
III.  WIND RETRIEVAL 
The  desired  surface  wind  field  is  a  weighted 
combination of the SAR observations and model winds that 
minimizes a cost function J (assuming Gaussian errors) as 
in [4]. 
The  B  and  R  matrices  gauge  errors  in  model  winds 
(x,b)  and  the  SAR  observations  (y).  The  unknown  true 
(u,v)  winds  are  x.  We  employ  an  empirical  relationship 
between wind and backscatter called CMOD. Near-range 
backscatter  is  stronger  than  at  far-range  as  in  [9].  This 
incidence  angle  dependence  of  the  SAR  observations  is 
removed using CMOD (we normalize to 30
o) as explained 
in [5]. 
A.  Initial error estimation 
The diagonal of B is taken to be 3 m2/s2. We use the 
triple  collocations  at  1-km  resolution  to  determine  the 
diagonal  of  R  for  which  retrieved  winds  best  match  the 
ship/buoy winds. The normalized SAR error variance is 2.3 
dB
2. 
 
 
 
 
 
 
 
 
 
Figure 4.   Diagonal representation for error estimation 
An  a  posteriori  justification  for  the  form  of  the  cost 
function  (J)  is  that  errors  relative  to  the  ship/buoy 
observations appear Gaussian. 
 
 
 
 
 
 
 
 
 
 
Figure 5.    Diagonal representation for error estimation 
B.  Spatial error covariance 
Errors in wind speed and normalized SAR observations 
both  appear  to  decay  quasi  exponentially  with  a  length 
scale of about 150 km. Note that ship observations define 
both the reference wind and backscatter here. (The latter is 
defined using CMOD.) 
 
 
 
 
 
 
 
 
 
 
Figure 6.   Representation of Wind scatter and reference wind International Journal of Electronics Communication and Computer Technology (IJECCT) 
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C.  Second initial error estimation retrieval 
The  spatial  error  dependence  shown  above  is 
represented by the off-diagonal elements of the B  and R 
matrices. Full matrices are used to retrieve winds at 10-km 
resolution.  Our  initial  retrieval  (excluding  spatial 
covariance)  provides  a  better  comparison  with  ship/buoy 
obs.  (There  is  a  weak  indication  that  directions  may  be 
better  resolved  in  the  second  retrieval.)  Thus,  B  and  R 
appear  to  require  modification.  In  marine-radar  imagery, 
the streaks have a typical spacing of 200 m and are most 
likely caused by the local wind field in the lower boundary 
layer. However, in marine-radar images, these wind streaks 
are superimposed by other ocean features and are barely 
visible. By integrating a radar-image sequence over time 
(typically 32 images representing 1 min of data), signatures 
with  higher  variability  in  time,  e.g.,  surface  waves,  are 
averaged out. Only static and quasi-static signatures with 
frequencies below the integration time, like wind streaks, 
remain visible. To automatically measure the orientation of 
the wind streaks, the local gradients from radar images are 
retrieved, which were previously smoothed and reduced to 
100-m  resolution.  The  orientation  of  a  wind  streak,  and 
therefore, wind orientation, is defined to be oriented normal 
to the local gradient.  
This resolves the wind direction with a 1800 ambiguity, 
and follows the methodology for retrieving wind directions 
developed for SAR imagery. 
TABLE 1 
 
In this case, the 180
0 directional ambiguity is removed 
by  automatically  extracting  the  movement  of  wind  gusts 
visible  in  the  radar-image  sequence.  The  radar-image 
sequence  is  subdivided  into  two  or  more  subsequences 
(typically  32  images),  which  may  overlap  each  other  in 
time. Each subsequence is integrated over time to remove 
signatures with higher temporal variability such as ocean-
surface waves. The movement of wind gusts is retrieved 
from these mean RCS images 
IV.  ALGORITHM FOR WIND RETRIEVAL 
The method for retrieving wind directions is based on 
the imaging of wind-induced streaks in radar images. These 
streaks  were  first  observed  in  synthetic-aperture-radar 
(SAR) images as in [5] and are very well aligned with the 
mean surface wind direction.   
V.  INVERSION SCHEME FOR THE 
DETERMINATION OF OCEAN-SURFACE 
ELEVATION 
An overview of the method for the determination of the 
time series of ocean-surface elevation maps is given by the 
inversion scheme as in [10]. The method requires raw polar 
radar-image sequences ,µ0(r,t) as as input. 
The inversion method is based on this local, spatial, and 
temporal  description  of  the  modulation  process  by 
determination of the surface tilt angle ά in the antenna look 
direction  at  each  pixel  of  the  radar-image  sequences  as 
explained in [6]. The mean RCS is dependent on the local 
depression  angle  at  the  X-band  as  in  [11]  with  HH 
polarization. 
Marine  radar  antennas  are  directional  antennas  that 
radiate  radio-frequency  energy  in  patterns  of  lobes  that 
extend outward from the radar antenna in the antenna look 
direction as explained in [8]. 
The radiation pattern also contains weak minor lobes. 
Because of the radiation pattern, each radar antenna has a 
typical  receiving  pattern.  Before  analyzing  the  radar 
images,  this  receiving  pattern  has  to  be  determined  for 
correction  of  the  data.  Therefore,  in  the  first  step,  each 
radar  image  is  corrected  with  the  characteristic  antenna 
receiving pattern. The flowchart is shown below. 
Figure 7.   Flowchart for radar antenna receiving pattern 
In  the  next  step,  the  dependence  between  the  local 
variation of the RCS from the mean RCS is calculated as in 
[3]. The mean RCS is parameterized for each antenna look 
direction is 
α’φφ
where f(r, φi) gives the parameterization function and α’ 
the resulting 2-D parameterization. 
 
The range-dependent depression angle is given by 
 
ά  
 
with  r  giving  the  distance  from  the  antenna  and  the 
given installation height of the radar antenna 71 m. 
  SPEED 
(m/s)  
DIRECTION 
(degrees)  
BACKSCATTER 
(dB)  
GEM 
model  
-0.6/2.5   -1.3/23.6   -0.5/1.4  
Retrieval 
#1  
-0.6/2.0   -1.3/23.6   -0.4/1.7  
Retrieval 
#2  
-0.6/2.5   -1.3/23.6   -0.7/1.3  International Journal of Electronics Communication and Computer Technology (IJECCT) 
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VI.  CONCLUSION 
Operational analysis errors tend to be reduced slightly by 
our  use  of  SAR  observations  in  surface  wind  retrieval.  It 
indicates 1-2 m/s RMS wind speed errors are feasible. 
In  situ observations  are  also erroneous (Stoeffelen 1998) 
because they are not representative of large areas. In order to 
avoid pseudo biases in SAR observations all error types should 
be considered (i.e. a SAR wind calibration is required). 
Preliminary SAR observation errors are given here using 
ship  and buoy  observation as  a reference. They  are  used  to 
produce these winds. 
It is demonstrated that radar-image sequences of the ocean 
surface  provide  reliable  information  on  ocean  winds  and 
waves, as well as new opportunities to investigate the spatial 
and temporal behavior of ocean wind and wave fields. 
Common marine X-band radar is utilized for providing a 
time series of radar backscatter images from the ocean surface. 
The radar technique thereby allows measurement under most 
weather conditions. With the pre-existing installations of radar 
systems on marine structures, harbours, platforms, and ships, 
the measurements can be done in a very cost-efficient way. 
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